UNCLASSIFIED

AD NUMBER

AD-479 786

NEW LIMITATION CHANGE

TO DISTRIBUTION STATEMENT - A

Approved for public release;

distribution is unlimited.

LIMITATION CODE: 1

o o o e . o " e A v MRS e e GnS MR M B e e e e e G A e e e e W et e T e M mm e R e G W = e

FROM DISTRIBUTION STATEMENT - B

LIMITATION CODE: 3

AUTHORITY

AF FLT Dynamics La 24 Jan 1973

VAR DGO AAA
THIS PAGE IS UNCLASSIFIED




T4 108

AFFIM.-

H. G HEINRICH

sz\%ﬁuw @IW G? “? ﬁgw ?ﬂ

TECHNICAL REPORT AFFDLTRESMG

JANUARY 1963

mmmmwmmmmwmmwmmmmm% ‘ ‘ i
satonsls may MW%’YW%W&%Mﬁ%%%%@Emm%m o :

o (Mﬁ?}, A Fw Flight Dynamive Laboretwy, Wi Bl ATE, Gliin ; 9

AR FORCE FLICHT DYNAMICY LABGRATORY

 BESEARCH AND TECHNOLOGY DIVISIOR
. AIR FORCE SYSTEMSE COMMAND

WMWE‘«?&%’?&&M AIR m%m ﬁﬁm*@‘ @&”’%ﬁ




e e
P! ,f:i’ PR T

When Covern : taoare vred for o
pﬁr‘p»\ﬂ?% (.ﬁn_.&gi t*tﬂh iﬂ gann o s ¢ WY RTEHTR :Z”:ﬁ 53?» SRAT S T
ment cperation, the Un i@‘% vy inours s responstiilly .

b ﬁ?’ rorgenment may have
4 drawings, epecifics’t

ror any obligation whated
formulated, furnished, op i”‘z

or cother dala, s notl to m X"ﬂ:i‘ﬁ,{‘:’f,;iﬁ?ii by § ;z,imi it o ethorwisy ixz 5
her pareun o mrg@m.a,ﬂ , OF SuRYEY )

manner licensing the holdur or any of
o

aohire, wie, ord amy ;mzmma mw»

any righis opr pormistion to many
that mey in sny way be related terele, o . i

s
w

Copies of thia mmﬁ should not be refurned to the Research mcﬁ Tee g
nolegy Divizion z.m%# return d2 reguired by securily eonelders £hon,
contractual obligetd » OF awiw o & specific docament,

B AR TR




Bl SN

THE EFFECTIVE FORUSITY OF
PARACHUTE CLOTH

H. G HEINRICH

UNIVERSITY OF MINNESOTA

This document is subject to special export controls and exch tranymittal to foreiin
nationals may be made only with prior approval of the Vebicle Equipment Divi-

~ sion (FDF), Air Force Flight Dynamics Laboratory, Wright-Patterson A¥B, Ohio,

o Ao RN




FOREWORD

This repert wos prepared by the Departrent of
Aerenautica and Englneering Mochanlesz of the Undy ty
of Hinn ta in complians ¢
Ho. AF 23(657)-1118%, "Theoretical Deployable Aorody
Decelerator Investissations, ™ Task 606503, "Parachute
Aevedmamics and Structures," Project 6085, "Performance
and Desipn of Deployable Asrodynamic Deceleratora.”

The work accomplished under thisz contract was
sponsored jointly by U. &, Army Nabtilck Lahoratory, Depart-
ment of the Army: Bureau of Asronaubtics and Burenu of
Ordnance, Department of the Navy; and Alr Force 8ystemg
Command, Department of the Alr Force and was dlrected
by a Tri-Service Steering Committes concerncd with Aorde
dynamle Retardation., The work was administered under
the divectlion of the Recovery and Crew Statlon Branch,

Alr Force Flisht Dyrnmsles Laboratory, Researeh and Teche
nology Dlvision., Hr, Eudl J. Zerndt and W, Joames H.
DeWeene were the project englineers,

-

>

The author wishes to express his appreclation Lo

the many students of Aerospace Englneering of the University

of Minresota who participated in the accowplishment of this
objective and to his associates. Mesars., Hugene L. Hiak and
Ronald J. Niccum,.

. The manuscript was released by the author in
December 1965 for publication as an RiD technical report.

Thils technlcal report was reviewed and is approved,

oboroe 'A. sorT, JR.

Chief, Recovery and érew'%ambn Branch
A¥ Flight Dynamics laboratory :

e




S Abr N Watiel
ABLTRACT

Stabilivy, drag, and coponing characteristic
of s0lid cloth parachutes ohun with altitude, lﬂ*lnr
changres can be ohaerved at a glven altitude when thﬂ
alr permeabllity or porosity of the cloth i3 belng varled,
In this study it is ghown that the porooity of a given cloth

changea effectlively with the donsity and the ﬂCﬁprwwuihility

of the air. fThe effective porosity 1s related to Reynolds
and Mach numbers and 1t was found that the flow of atr
through the cloth 48 in general turbulent but may opproach
under certain ¢ircumstances & laminar flow character,

Tables and graphs showing the effective porosity
of four cormon types of parachute cloth and of one type
of a Perlon screen with 45% geometrie poroalty, as well
as equations and coefficlents which permit under certain
simplifying assumptions th: caleulaticn of “h& effective
porosity are presented,
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SYMBOL3
A area
M fach number
F p pressure ’
T temperature
14 ratio of specific heat at constant pregaure ,
to specific heat at constant temperature v § :
A coefficlent of viscosity o 1
Subsgeripts
( Jer signifles state at which M = 1
( )tnr signifies throat location i
( Jo signifies sea level condition ' ’
( }1 signifies conditions upstream of parachute cloth k
( ) | s8.:nifies conditions downstream of parachute L
cloth : ‘ ‘
( ),  signifies free stream conditions ‘ S
. L ; ]
Additional symbols, when used, are defined in the text, %
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i ioth ot nh«:ﬁ lr“ sen with altit
s attona of gtatlionlly urstatle ;ar& Foathed
more violent {Refs 1 and 2).

Attempta have been made to explain the fnsroane
of the opening shock as a conseguence of the derrvesse of
the z2prarent mags and the mass of air included in the parse
chute canopy with the atr density (8ef 3). Tre variation
of the stadility behavior of & parachute may im vart sliso
be attributed to the effect of the spparent and locluded
masses because the motlon of a freely d&sc*r‘ibﬂ pﬂr=r%“t
is a problem of dynamic stabili*y in which the air ma
are significant terms (Ref 4).

©

If the parachute cloth 18 considered to be g poresn
through whilch, during the use of the parachute, a certaln
amount of air passes, one may assume that the alr perneadbility
or porosity of thils gcreen depends on the Reynolds and Mach
number of the flow conditions. Therefore, the chgervaed
changes in parachute drag and stability may be caused by
Reynolds and Mach number effecta, characteristic for the
flow of air through the porous cloth. Furthermore, expore
iments have shown (Ref 5) that the apparent mass of paras
chutes also depends on the porosity of the ecanopy material.
Trerefore, the opening shock and the dynamic stabi;ity :
characteristics of a parachute are probably also affeateﬁ
by the varlation of the cloth porosity.

Since the opening shock impoaas the maximum strepy
upont all partas of the parachute, a relliable prediction of
the parachute safety factor under various operationsl cone

ditions also depends on the knowle&ge of the cloth porosity
ro" the given clrcumstances,

- In view of these circamatances, the openirg shack,
- the stability behavior, the rate of descent and the strength
of parachutes can be predicted more reliably if the porosity
- characteristics of the cloth are satisfactorily known, arnd
* the alr resistance or the porsaity of the parachute materisl
‘ aa a function of Mach 2nd Reynolds numbers say actually be
the‘most fundamental parameter iZn the technology of parachutes.

Therefore, the mechanics of the flow through the
cloth 13 investigated in the first part of the following
study, whereas tablea and graphs covering a wide range of
pressure and density are presented in the latter portion.
These porosity-pressure-density data may be used for direct
application in parachute performance calculations.
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Another way of progenting the porosity charaster.
1stics 12 the derivation of a drag ccefflistont az a funstion
of the differential presaure or Reynolds nuvber az, for
example, shown in Ref 7.

However, for parachute Frilling tirme and opening
shozk calculntions, one han to solve & mass balanmce eguation
in which one compares the volurms of alr flowing ints the
cancpy with the alr which escapes through the poprous canod
raterial (Ref B)., Tuilo process has lead to the establishmen?
of a dimensionlegs term which i3 the ratlo of the average
velocity, U, through the porcus surface to a convenlently
defined free stream veleoclty, V. The fietitious veloolily,
V, 1s derived from the assumption that the pressure 4if-
ferential across the cloth equals the dynamie pressure of
this velocity. In this concept, the free gtream denalty,
or the density on the downstream stde of the cloth 15 used
for the computation of the flctitious free stream veloclty,
V. Pigure 2 shows schematleslly the cloth a3 a grid, the
free stream velocity, V, the pressure differential, 4%,
and the average velocity through the e¢loth called U. The
ratio UN 1s 1dentified as effective porosity; the nominal

- porositles presented in Fig 1 are converted to effective
porositles and shown in Fig 3. :

: Looking at the c¢loth ss a porous screen leads to j
the 1dea of considering the volumetrie flow through the f
cloth as a function of the openings or orifices and the - ;
air resistance of the individual threads, which possibly -
could be considered as eircular oylinders, and & mumber of )
attempta have been made to compute the air resistance of
a woven sheet in this manner (Refs g‘ 10, 11, and 12), -
However, microscopic plctures (Pig 5 of four fregquently ‘ 4
used materials indicate that the assumption of a simple .
cloth geometry may be an oversimplification and the results
of a purely analytical treatment in the indicated fashion
would probably neglect several slgniflcant characteristics,
Therefore, 1t was declided to measure the actual fiow rale
through the cloth and the results of these experimenis will
be reviewed In the following. ‘ D
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Flegure 1 Indlcaten that the flow rate thvousgh
the cloth increasss with the diffesrertial prasnury i
may soeoume that this relationnhip will exist in sc
monotonie m&mnar, Influensed by 8 Beynolds nunber effect,
untll the critieal pressur é?ff%?eﬂfiﬁl 1s roachsd at ol
which the velooity throush the oprifice reashen the 4
of scuand, A further increase of the LY ; , ‘“ 3
will thon not further dncrenne the a gl it &
po-callsd choklng effect will ocour, '%.rvf*“%, i% BLpeBG
to e advizable to study the flow In both the incompressible
and caompreasitle flow regimes and to interpret the r Ault
in view of the clsswical aspests of Heynolds and Pach nh”b 5 N

A further oblective of this atudy 1z the derlvalion
of a relatively slmple relatlonshilp between effective porosity
and alr density, because thiszs may help to explain the increnne
of cpening shock and the change of the atabllity behavior

with altitude,

Consldering first inomwwreﬁ ibhle flow, ons may
assume that the alr flows t%rauvh the fine orifices of &
relatively thick ¢loth somewhat “1ike theough a short tube
and that the flow 1o neithar completely laminar nor zll
turbulent, Therefore, an analysis ¢f the two border cases

geems to be in order.

For fully developed laminar flaw, Hagen—?aiseuille‘e
law provides the following relationship:

0 _ ,
1204, 10 . v (1)

o= S

in which L = length of the tube
D = dismeter of the tube.
With Q = UwD2/4, the average velocity in the tube 13

U = gg}{g&m | ’,(2)‘ |

and the effective porosity may be written

_u 2 5 ;     ‘~“   j1 'L;:"f ‘
¢ - F = 3’.’2‘“‘;‘6‘& p__%g T ~  (37 e

and specifically for sea level density

¢,
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_ For the first approxiration ene may sob Me =4
and wWith §/po = 0, the effective porcslty for any altitde
but for the same differentisal pressure s

C = Ceﬂﬁ (4}

A similar analysis may be made for the assurption
of fu11§ developed turbulent flow, With the Blssius foreula
ef 13

L S 2

and
ok '
o . EER
A ‘ 0.3164 (/a ) (6}
the velocity is
brr -1/7

o - st el

Using V = (zzsp/p)% and the subseript zero for sea leval
density, the effective porosity C may be written

- elag) G e

With 44 =4 , and for the same differential pressure, one
obtains for fully developed turbulent flow

c - ‘Co Gl/ln N ‘ (9)

The assumption of both laminar and turbulent flow
in the region of incompressibility leads to a relationship of
the form :

"

and 1t 13 now one of the objectives of this study to establish
experimentally the value of the exponent "n" for various

types of parachute material from which one also may conclude
if we have laminar, mixed or turbulent flow. o

Once the differential pressure is high enough to
establish sonic flow, the effective porosity of the cloth

7

‘‘‘‘‘‘‘‘‘




¥w1ll deecllie with increasing presaure. Therefore, btesides
the density ratio, o, the pressure ratio &'ﬂ/&pw shall
be introduced a3 a basic parameter,

In view of the methods used 4n the porforosanss
calculaticons, the experirontsl study will contaln the
veloelty U 1n terms of the voluselrle flow on thy upotroanm
or high prezaure gide of the cloth,

III. MEASUREMENT AND ANALYS3IS

In accordance with the preceding analyais, the,
effective porosity of one wire screen and four textlilewy
materials frequently used for parachutes were measured by
means of the apparatus shown in Filg 5. The e?perimenta
were made over a density range of ¢ bebtween 0.1 and 1.0
and a pressure ratio of Ap/hpw between 0.08 and 2.0.

The cloth and wire gamples were bonded to a ring with a two
inch internal diameter and then placed in the test section
of the apparatus, The permanent bonding was chogen in order
to avoid alippage with the essociated uncertalin effective
cloth area. The density ratio, ¢, iz defined as the ratio
of the denaslity on the downstream glde of the porous scoreen
and the standard sea level density., The wire sereen has
been incorporated because one may suspect thadt the textile
screens change thelir geomeiry with the pressure loeding

and therefere their observed poresity may reflect not only
Reynolds and Mach number effects, bubt also consequences

of the elasticity of the cloth., The wire screen would not
have sny elasticlity effects. In the course of the investi-
gation other wire screens were measur@ﬁ. The results of
these measurements are showm latar, These tests 424 not
serve the purpose of basle an31~sig but represent merely
quantitative information.

‘ The flow rate in the gpparatus shown in Fig 5
was determined by means of calibrated orifice plates or,
when the flow rate was very small, direct indicating flowe
meters were used. Both arrangements are 1llustrated in
Pig 5. When the orifice method was used, the flow rate

was obtained in & process deseribed in the A S.M.B, Power
Test Code PTC 195;8.1959, In particular, size and fosm
of the orifice plates, the arrangement of the preasure
taps and the evaluation of the data points is in accordance
with Fig 1, Chaptar §, and other instructions g&ven in sald

docunment,
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Fleures 6 throuch 10 and Tadles 1 through 4% ghow
the results of thene moasurements, I can be deon that the
porosity charactoristies of the c¢loth and those of the wire
soreen are principally 1dentical, and 4t may be conecludnd
that the rost slenificant characterlistics of the recordesd
effective poroplties are consoguences of aerodynamle photie
omena and not caused by structural deforpationn,

It 15 evidont that the effective poroslity of the
wire and cloth screens decreases with decreasing alr density.
Since for a constant pressure ratlio, the denglity is the
prime varlable of the governing Reynolds number, 1t can
be concluded that the effective porosity of the sereen
is a function of the RBeynolds number,

The slope of the effective peorosity curves versus
the differentlal pressure 13 in all cases positive up to
a certain pressure ratio and then becomes negative., This
seems to indicate that the alr resistance of the cloth
deercanes ag the Reynolds rumber increases until compres-
sibility effects become more influential; choking of the
flow occurs when gonle speed in the cloth orifices 1s
reached,

CAnalyzing the limited number of experimental
results first in view of Reynolds number effects one may
remember the postulation that the effective porosity pos-
sibly can be presented ag an exponential function on the
basis of the denslty ratlo, Therefore, the results shown
in Figs 6 throuch 10 vwere rearranged in accordance with.
Eqn 10 and presented in this form in Flgs 11 through 14,

Originally the relationship between effective
porosity and density was derived on the bazsis of identical
pressure differential Op. However, in the following
treatment, the pressure ratio, Op/Op.p was used which
is also the parameter in the Figs 11 through 14, If the
postulated relationshlps for laminar and turbulent flow are
expressed in terms of Xsp/ Opep and for Opep = 0,89 Py, and

also the egquation of state 1s used, one obtains regspectively

for laminar and turbulert flow relationships

C = Cuo ) (11)

* Only a limited number of test results have been used, More
complete tables will bhe found in Sectlon V of this report.

10
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Ex?erirentally it was found that Ty & T and with P} =
' 1

Reviewing tho results shown in Filgs 11 throush
14, one observes that the results of muny experimenta seem
to follow Eqn 12 almost perfectly which would indieate
fully develop2d turbtulent flow. The mininum preasure at
which this c¢cecurs varles with the thilskneos and the type
of weave of the cloth.

. All cloths under 1nvestirqtiﬂn indicate an exponent
larger than 1/7 for reliatively small density and low pressure
ratios. In particular, the lighteut and thinnest c¢loth
with a tensile strength of 40 1b per inch approaches for
very low density and smaller differential pressures the
relationship shown in Eqn 11. Thils indicates that for this
type of cloth and under these flow conditions, the flow
through this cloth 1is nearly laminar,

: In general, the experiments confirm the original
assumption that the effective porosgsity of these porous
c¢loths 1s a function of the Reynolds number. The practical
aspect of these experiments 1s the fact that for the same
differential pressure or for the game pressure ratio, the
effective poroslty of the woven cloth decreases with de-

creasing denslty.

The exponent in Egn 10 signifies the character
of the flow through the cloth oriflces, and for further
ana]ysis it appears to be useful to plot the density exponent
"n", versus the Reynolds number of the related flow condition.

A meaningful Reynolds number van be established
for a rectangular stream tube which approaches the cloth
from the free stream and which then passes through the
orifice of the cloth., The width of this stream tube before
passing through the orifice 1s the characteristic length,
L, and can be found from the number of threads per unit

" length of the cloth.

In view of the definition of the effective porosity,

the Reynolds number of the stream tube is
LCVp ,

Re = Al . _ (13)

Since all density references 4in this study are made in
relatlionship to the downstream conditlions, one may introduce

P ‘ T
1 2
o 1 = o] 2 ra . T._l . | :

+ 0.89 &p/ Opey) and po = pod, the upstream density
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g u g, B g
srounts to

p1 = pool(l + 0.B20p/ 87 L), (15}
By definition
}
A
Vo= (F':z )
E
- PE )
- (1.78 m% RT )% . (15}
Sbop i v

Again, with Ty = T,, and combining Egqns 13, 14, and 15, the
Reynelds numbéer ¢f the stream tube amounts to

LCpoo Ja . ¥
Re = —~ (1+0.89 00 © (1.78 -E%‘:; RT,) . (16)

The Reynolds numbers of the experiments, derived
in accordance with Eqn 16, are now combined with the density
exponents of Figs 11 through 1! as shown in Figs 15 i(hrough
18, It can be seen that all four fabeics apparently have
fully developed turbulent flow at Reynolds numders larger
than 200, 'The reglon of transition is odbviowsly between
Reynclds numbers of 100 and 200, The lighteat and thinnest
cloth approaches laminar flow at a Reynolds number of approxie-
mately 10 whereas the heavier materials indicate a mired
flow for the same Reynolds number., The thickest and heaviest
cloth, 300 1lb per inch tensile strength, has apparently the
highest degree of turbulence and the lowest Reynolds nunmber

~at which transition to full turbulence occcurs,
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.’a Jet the equation (Ref 15):

)

.IV.X C&LCULATIQN OF TiE EFFECTIVE FORCOITY

: In view of the su:prisinp regularities batusen
effectivc porosity and Reyrolds and Hach nusbers, one is
indeed terpted to calculate the flow of air through the
eloth by a somewhat conventlonal method, '

‘ Utiliving aguin the stream tube concept, one

.orifice in the cloth may be considered to bz a nozzle with

a particular discharge coefficlent., For mechanical nozzles,
auch discharge coeffilcients are known, as for example, in

- Ref 14, from which Fig 19 1s taken.

Hith the energy equation, contlnulty conditiocn,
and adiabatic expansion one has for the flow velocity in

el
JESTUSN

‘A, |P
2 2
. ( ) (f»'*)
in which Ag/ﬁl represents the contraction ratio of the
stream tube,
Microsoopic plctures show that the contraction
ratio Ap/A; 15 in the order of 0.07, and since P1 > Pa,
Eqn 17 can be simplified to:
- 1 )
v Ay (Pe | ™ | 2-5,-1-5 71 [1 ( ] (17a)
- «m. - ‘ a
1 L 4
'Introducing the equation of state and rearranging Eqn }7a
provides:
. | : 3
2.2 ¥ h 1 _
% nlemat ) (B ).

If the critical pressure ratio between the two

"sides 6f the cloth 1s reached, Pp/P1 = 0.528, sonic velocity

exists in the orifices or in the throat of the assumed ’
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nozzle, For this condition one has (Ref 15):

Piy o
i . thi o _5‘_%1 . (19}

| Pecause of Ap/A; << 1, P} = P, , and Pp replaced by Pyyn,
; Egqn 17a provides

J+ 1 3
” 5 - I P
U= %.;‘; [a’ »3-%—-[) 3-1::} . (20)

Equationz 18 and 20 can now be used in the expression
for the effective porosity, which is

with

(21)

B [Q(Plp; PZ)] ’ .

Furthermore, the experiments indicated T
and introducing for viascous flow the discharge coe%fiyienﬁ

K, Ref 14, Fig 19, the effective porosity fc* the suberitical
case followa from Eqns 18 and 21 with the equation of state
for

Py
Pp = ETE »

-1 {

T )

Pp
hE

. (22)
Py
1’5'1

For the critical and supercritical case, Eqn 20
and 21 provide

/ X+1\4%
o [t L] 7
3 = +
P2
G

R AP e st 0 e -
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Theae equations can now be wrltten in terma of
Op/ Op,. and one obtains for

ghich allowa one to write Eqna 22 and 23 in the following
orm: :

g Aa |
A 1
¢ T ( Y, 74:‘1}
0.893-%-;,;; +1 | 0,693 - {
Z-1 g-1 3
-[0.893.-&%-5; +1] 4 {(0.893-&%{;4» 1) 7 91]) , (22a)
g+1 1}
A (212 )?f" |
ChKK-% 2 E+A§ . (23a)
0.893 15p:;

The equations above, combined with the Reynolds ,
nunber from Eqn 16 and the discharge coefficlent from Fig 19
provide now a certain basis to calculate the effective porosity
under a number of 1dealizing assumptions, These assumptions
are a certain regularity of the cloth porosity, the knowledge
of the actual geometric porosity of the cloth,and the identity
of the diacharge coefficients of the cloth corifices and a '
mechanical nozzle, Of course, these conditions are not exactly
fulfilled. Purthermore, the flow through the cloth under the
comdition of very small Reynoldas numbers may fall in the slip
and transitional flow regime connected with a drastic change
of' specific air resistance. These effects are not considered
in the present analysis,

Figure 20 is a comparison of experimental and
"ealculated results., The results fit well enough to allow
the statement, that the presented treatment ol cloth porosity
appears to come close to the actual mechanics of the flow
phenomena, Appreciable deviations occur where one would
suspect a Knudsen number influence, the study of which,
however, is beyond the scope of this invesatigation,
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V. EXPERIMENTAL RESULTS FOR PARACHUIE
PERFORMANCE CALCULATIONS

The principal objective in the preceding analysis
was the study of the mechanles of the flow through the
weven textile screens. For parachute performance calcu-
lations some directly applicable values are probably most
welcome, Therefore, an independent series of experiments
were conducted in which numerous cloth samples were examined
and reliable average values established, The results of
these tests are presented in Pigs 21 through 26 and Tables
5 through 10,

It can be seen that the experiments were extended
1 .to the regimes of very low pressure and density ratios
which occur during parachute operations at relatively low
speed and at low as w211l as at high altitudes, including
the conditions of steady state descent,

Furthermore, a very porous Perlon screen has been
incorporated, which 13 used fur the fabrlcation of a particular
type of supersonic parachute. Also a number of wire screens
were investigated, The respective results are shown in the
Appendix, The measurementsof these screens may not have a
direct bearing on a study of screen porosities in view of

parachute technology, rut they may be considered to be related
data. ‘

All investigated samples show the principal porosity
characteristics as discussed in the precedlng paragraphs,
and these additional tests may be considered as a further
proof of the general conclusions derived in the preceding
flow analysis, :

VI, SUMMARY

The investigation has shown that the effective
porosity of woven sheets can be calculated in the right
order of magnitude, and that its characteristics follow
the general aerodynawic principles related to Reynolds and
Mach numbers, In particular the investigation has shown
that under otherwlse similar circumstances, the effective
porosity decreases with the alr density, which explains at
least in part the variation of the parachute performance
characteristics with altitude,
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RESULTS OF AIR FLOW MEASUREWENTS OF =
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